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Abstract—Reflector antennas for terrestrial satellite communi- 
cations terminals typically employ horn-type feeds, but the size 
and weight of these systems can be reduced by using compact, 
planar feed antennas. Planar antennas can readily achieve high 
quality linear polarization, but surprisingly few planar or quasi- 
planar designs are available for dual circular polarization (CP). 
To meet this need, a compact dual circularly polarized feed 
antenna for reflector applications is presented. The antenna 
uses low-profile dipoles arranged in an “eleven” arrangement 
over an electromagnetic band gap (EBG) surface. Simulated 
and measured results demonstrate that the antenna realizes high 
quality dual CP performance while simultaneously achieving high 
isolation between ports. 


Index Terms—low profile antennas, dual CP antennas, SatCom 
dish feed antennas 


I. INTRODUCTION 


For earth stations in satellite communication systems, most 
services require parabolic reflector antennas to realize suf- 
ficient link margin and transmission quality. The horn feed 
antennas used in these systems represent a mature technol- 
ogy, and have been optimized to achieve excellent radiation, 
aperture, and spillover efficiencies. For some applications, 
however, a smaller, lighter feed antenna is desirable. These 
include airborne, shipborne, mobile, and in-motion systems 
where a heavy, bulky feed means increased transportation 
costs and expensive mechanical dish positioning hardware. 
Recent work has demonstrated various low profile, light, 
and inexpensively manufacturable antennas with efficiencies 
comparable to horn-type feeds [1],[2]. 

A major open challenge in designing low profile antennas 
is achieving quality dual circular polarization (CP). Many 
satisfactory low-profile single CP antenna designs have been 
reported, but adding the second port to achieve the orthogonal 
polarization while maintaining sufficiently high efficiencies, 
cross-polarization isolation, and isolation between ports has 
proved to be difficult. 

One obvious approach to dual CP in planar technology 
is to use a quadrature hybrid with a dual linear polarized 
antenna, where orthogonal linear polarizations are excited at 
90 degree phase shifts from the other to obtain CP. Variants of 
this basic topology have been reported, including a Wilkinson 
divider that excites two slot antennas to generate perpendicular 
linear polarized waves with a ninety degree delay between the 
two polarizations [3], and a microstrip to slotline transition 


with a circular slotline feed that excites patch antennas with 
sequential rotation to achieve CP [4]. These designs perform 
well in most respects, but the added phase-shifting networks 
increase loss and lower the antenna radiation efficiency. For 
terrestrial communication channels where environmental noise 
and interference are dominant, low radiation efficiency is 
tolerable, but for satellite communications, the cool microwave 
sky means that added noise from antenna losses cause a 
dramatic reduction in sensitivity. Low radiation efficiency 
translates directly to a larger dish diameter, which is seriously 
undesirable for most industry applications. 

To achieve dual CP with high radiation efficiency, an 
antenna element that generates CP directly without added 
network components is needed. Few low-profile natively dual 
CP designs have been reported to date, and none address the 
critical issue of achieving high radiation efficiencies while 
decreasing the size, weight, and complexity of the design. 
Poor isolation between ports is another common problem 
for planar dual CP antennas. A dual-polarized antenna with 
good polarization isolation and low crosstalk between data 
streams on orthogonal polarizations can still have low isolation 
between ports. Port coupling degrades the active impedance 
match between the antenna and low noise amplifiers and 
reduces sensitivity and SNR. The proposed antenna design 
employs parallel dipoles over an electronic band gap (EBG) 
surface to address these open research challenges with a low- 
profile, compact, lightweight structure. 


II. SINGLE DIPOLE OVER ELECTROMAGNETIC BAND GAP 
SURFACE 


The proposed dual CP feed antenna is inspired by a design 
reported by Yang et al. [5]. A dipole is placed closely over an 
electromagnetic band gap (EBG) surface so that the radiated 
wave from the dipole and the reflected wave from the EBG 
surface combine to form a CP wave. The EBG surface consists 
of a grounded dielectric slab with periodic rectangular patches 
on the top of the dielectric, with the long dimension of the 
patches oriented vertically. The dipole is oriented at a 45 
degree angle relative to one of the EBG surface’s lines of 
symmetry and is fed using a coaxial cable. This dipole radiates 
right hand CP (RHCP), but left hand CP (LHCP) can be 
radiated by orienting the dipole at a 135 degree angle. 

This design was chosen as a base for a dual CP antenna 
because it achieves high isolation between ports of orthogonal 
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polarizations. This is due to the radiating mechanism of the 
antenna and the high impedance of the EBG surface [6]. 
High isolation is easily achieved between dipole elements 
that radiate orthogonal linear polarized waves, but placing 
the dipoles over a polarization-modifying planar structure 
could induce surface waves and lead to degraded isolation. 
Since the EBG structure has a high impedance, surface waves 
are suppressed and do not couple into the orthogonal ports, 
thereby maintaining the high isolation inherent to orthogonal 
dipoles. 

For Ku band operation, the EBG consisted of rectangular 
copper patches with dimensions 2.25 mm by 4.25 mm with 
0.3 mm gaps. The substrate material was RO4003C (Rogers, 
Inc.) with 32 mil thickness, dielectric constant 3.55 and loss 
tangent 0.0027. 


III. DIPOLE OVER EBG IN ELEVEN ARRANGEMENT 


The proposed design places two dipoles in a parallel or 
“eleven” arrangement for both senses of polarization. The 
dipole pairs offer increased gain relative to a single dipole, 
consistent E-plane and H-plane radiation patterns, and produce 
an illumination pattern suitable for feeding a reflector antenna 
with smaller overall size than a horn feed. The dipoles are 
backed by an EBG structure consisting of periodic rectangular 
patches over dielectric and ground. Each patch is grounded 
with a plated via in its center. A view from the top of the 
antenna is shown in Figure 1. 





Fig. 1. Top view of model of four dipoles over an EBG surface in eleven 
arrangement. 


The design consists of two cores and three layers. The top 
layer is the EBG structure, the middle layer is the ground 
and the bottom layer is a microstrip feeding network. Each 
dipole is fed by a post that passes through both cores to a 
microstrip feeding structure on the bottom layer. A second post 
supporting the dipole passes through the top core and connects 
to the ground. The feeding posts have a gap separation from 
surrounding copper on the EBG and ground layers. The 
microstrip feed network on the bottom layer is driven using 
surface mount connectors, and is shown without the connectors 
in Figure 2. A side view of the antenna is shown in Figure 3. 











Fig. 3. Side view of dipole over EBG surface in eleven arrangement. 


Due to the high impedance property of the EBG surface, 
the EBG acts as a balun for the microstrip to dipole transition 
by suppressing currents flowing from the dipole to the feed 
network. This allows the dipoles to radiate properly without 
the added complexity of a balun structure and represents a 
useful property of the EBG surface. 


A. Simulation Results 


The antenna model was tuned for impedance matching, 
isolation, and polarization purity using a full-wave FDTD 
model. After the antenna design was optimized, the antenna 
port impedance matrix and far field radiation patterns were 
used with the physical optics approximation to compute sec- 
ondary scattered patterns from a standard Ku band satellite 
communications terminal reflector antenna with focal length 
relative to diameter (f/d) of 0.6. Cross-polarization isolation 
(XPI) for the boresight direction of the secondary pattern was 
calculated, as well as the aperture and spillover efficiencies. 
The radiation patterns of the LHCP and RHCP ports are shown 
in Figures 4 and 5. The spillover and aperture efficiency 
were 63% and 50%, respectively, for the RHCP port and 
64% and 51%, respectively, for the LHCP port. The radiation 
efficiencies including losses in the dipoles, feed network, and 
conductors and dielectrics in the EBG layer were 91% and 
89% for RHCP and LHCP, respectively. 

The polarization quality is quantified axial ratio (AR) for 
the primary pattern in Figure 6. The XPI for the secondary 
pattern at the reflector boresight is 19.5 dB for RHCP and 
19.4 dB for LHCP. S-parameters are shown in Figure 7. The 
isolation between the LHCP and RHCP ports at 12 GHz is 
26 dB, which is better than other competing planar dual CP 
designs and comparable to typical dual CP horn antennas. 
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Fig. 4. Simulated radiation pattern cuts with the LHCP port driven at 12 
GHz. 
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Fig. 5. Simulated radiation pattern cuts with the RHCP port driven at 12 
GHz. 


IV. ANTENNA FABRICATION AND TESTING 


To simplify the construction of the antenna for testing, the 
antenna and EBG layer were fabricated as a single core PCB. 
To avoid the need for lamination of a multicore board, the 
elements were fed with coaxial cables for each antenna where 
the inner conductor was stripped and used to penetrate the 
board to feed the dipoles. The outer conductor of the coaxial 
cables was soldered to the ground layer. The coaxial cables 
that corresponded to antennas with like polarizations were 
combined using a tee splitter. The fabricated antenna is shown 
in Figures 8 and 9. In Figure 9 the size of the fabricated design 
is shown to be much more compact than the commercial dual 
CP horn feed with an ortho-mode transducer (OMT). 


A. Measurements 


The cross-polarization isolation (XPI) and the S-parameters 
of the antenna were measured and compared to simulated 
results. The axial ratio was calculated from the measured 
XPI. For the measurements of the XPI a dual CP commercial 
horn was used as a transmitter and the fabricated antenna 
as a receiver. The power was recorded at the output of the 
fabricated antenna when the horn was transmitting in one sense 
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Fig. 6. Simulated axial ratio pattern cuts for the LHCP and RHCP ports at 
12 GHz. 
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Fig. 7. Simulated S-parameters where port one radiates LHCP and port two 
radiates RHCP. 


and then the other. The ratio of the power in the co-polarization 
to the power in the cross-polarization was the measured XPI. 
AR as a function of frequency is shown in Figure 10 along 
with simulated results. 


The measured axial ratio was moderately worse than that 
predicted by the simulations. This is likely due to imperfec- 
tions in the fabricated antenna, particularly misalignment of 
the hand-soldered dipole arms and differences in the solder 
ball sizes among the four dipoles. With mechanical fabrication, 
more careful control of the fabrication tolerances is expected to 
improve CP quality. In spite of the fabrication error, however, 
the measured results confirm that the CP quality of the antenna 
is reasonably good. 


The S-parameters of the simulated and measured coax 
fed design are shown in Figures 11 and 12. The measured 
performance of the S11 shows a standing wave due to reflec- 
tions from the coaxial cable junctions, which would not be 
present in a microstrip-fed design. The measured performance 
demonstrates that high port-isolation can be achieved by a 
low-profile dual CP antenna design. 
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Fig. 8. Top view of fabricated coaxial fed design of dipoles over EBG in 
eleven arrangement. 





Fig. 9. Size comparison of dual CP horn with OMT and fabricated coaxial 
fed design of dipoles over EBG in eleven arrangement. 


V. CONCLUSION 


A low-profile dual CP antenna with high isolation between 
ports was designed, fabricated, and tested. The results show 
that an EBG surface enables paired dipoles in an eleven con- 
figuration to achieve CP radiation with high port-isolation and 
sufficient gain to illuminate a reflector antenna with geometry 
suitable for a standard satellite-communication transceiver. 
This design overcomes many of the limitations associated with 
previously reported planar and quasi-planar dual CP antennas. 
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Fig. 10. Measured and simulated axial ratio versus frequency for the dual 
CP antenna. 
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Fig. 11. Measured and simulated $11 for the dual CP antenna. 
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Fig. 12. Measured and simulated S12. 
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